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Errata

Date Position Revision

26 October 2004 | p.87, for ECV “Derived near-surface temperature and moisture (e.g.,
"Permafrost...”, ERS/Radarsat, AVHRR, MODIS, AMSR-E).”
column 4
p.87, for ECV “No direct operational sensors to detect permafrost; no
“Permafrost...”, products.”
column 5
p.96, line 43 “Action: Maintain the current 125 CALM sites, ensure that all

the other 287 boreholes...”

p.96, line 44 “..add 150 additional sites as identified by GTN-P including...”

p.96, lines 45-46

“...North American alpine and lowlands as part of the IPY
Thermal State of Permafrost campaign, ensure...”

p.96, lines 57-58

“This will require similar funding to the permafrost sites for
coordination and measurements.”

p.97, line 3 “Who: Parties’ national services and NSIDC, with guidance
from GTN-P and International...”
p.97, lines 5-6 “Time-Frame: Complete by 2010.

Performance Indicator: Actions using published guidelines.”
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Implementation Plan for the
Global Observing System for Climate
in Support of the UNFCCC

Executive Summary

1. Introduction

The Global Climate Observing System (GCOS), in consultation with its partners, has prepared an
implementation plan that addresses the requirements identified in the Second Report1 on the
Adequacy of Global Observing Systems for Climate in Support of the United Nations Framework
Convention on Climate Change (UNFCCC) (hereafter called the ‘Second Adequacy Report’). This
plan specifically responds to the request of the Conference of the Parties (COP) to the UNFCCC in its
decision 11/CP.9 to develop a 5- to 10-year implementation plan. As requested, the implementation
plan (the Plan):

e Builds on the Second Adequacy Report and draws on the expressed views of Parties with
respect to that report;

e Takes into consideration existing global, regional and national plans, programmes and
initiatives, including those of the European Global Monitoring for Environment and Security
programme and the Integrated Global Observing Strategy Partnership, as well as the plans of
the Group on Earth Observations;

e Is based on extensive consultations with a broad and representative range of scientists and
data users, including an open review of the Plan before its completion;

e Includes indicators for measuring its implementation;

o |dentifies implementation priorities and resource requirements.

2. Meeting the Needs of the UNFCCC for Climate Information

This Plan, if fully implemented by the Parties both individually and collectively, will provide those
global observations of the Essential Climate Variables and their associated products, to assist the
Parties in meeting their responsibilities under Articles 4 and 5 of the UNFCCC. In addition, it will
provide many of the essential observations required by the World Climate Research Programme and
Intergovernmental Panel on Climate Change. Specifically the proposed system would provide
information to:

e Characterize the state of the global climate system and its variability;

Monitor the forcing of the climate system, including both natural and anthropogenic
contributions;

Support the attribution of the causes of climate change;

Support the prediction of global climate change;

Enable projection of global climate change information down to regional and local scales;
Enable characterization of extreme events important in impact assessment and adaptation,
and to the assessment of risk and vulnerability.

As noted in the Second Adequacy Report, “Without urgent action and clear commitment of
additional resources by the Parties, the UNFCCC and intergovernmental and international
agencies, the Parties will lack the information necessary to effectively plan for and manage
their response to climate change”.

! The Second Report on the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC, GCOS-82,
April 2003 (WMO/TD No. 1143).



2.1. Essential Climate Variables

The Second Adequacy Report established a list of the Essential Climate Variables (ECVs) (see Table
1) that are both currently feasible for global implementation and have a high impact on the
requirements of the UNFCCC. Clearly, there are additional climate variables that are important to a
full understanding of the climate system. Many of these are the subjects of current on-going research,
but are not currently ready for global implementation on a systematic basis. As our knowledge and
capabilities develop, it is expected that some of these variables will be added to the list of ECVs.

Table 1. Essential Climate Variables that are both currently feasible for global
implementation and have a high impact on UNFCCC requirements.

Domain Essential Climate Variables

Surface: Air temperature, Precipitation, Air pressure, Surface radiation
budget, Wind speed and direction, Water vapour.

Atmospheric Upper-air: Earth radiation budget (including solar irradiance), Upper-air
(over land, sea temperature (including MSU radiances), Wind speed and
and ice) direction, Water vapour, Cloud properties.

Composition: Carbon dioxide, Methane, Ozone, Other long-lived greenhouse
gasesz, Aerosol properties.

Surface: Sea-surface temperature, Sea-surface salinity, Sea level, Sea
state, Sea ice, Current, Ocean colour (for biological activity),

o . Carbon dioxide partial pressure.

ceanic

Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon, Ocean tracers,
Phytoplankton.

River discharge, Water use, Ground water, Lake levels, Snow cover, Glaciers
and ice caps, Permafrost and seasonally-frozen ground, Albedo, Land cover
(including vegetation type), Fraction of absorbed photosynthetically active
radiation (fAPAR), Leaf area index (LAI), Biomass, Fire disturbance.

Terrestrial®

2.2. Implementation Actions and Associated Cost Implications

The Plan includes over a hundred specific actions to be undertaken over the next 10 years, across
the three domains. Many of the proposed actions are already underway, at the least as part of
research activities, and most of the required coordination mechanisms have been identified. The
costs of undertaking these actions are summarized in Table 2 by cost and type of action. Priority
should be given over the first 5 years to those actions that will address the critical issues identified
within the Second Adequacy Report, specifically improving access to high-quality global climate data;
generating integrated global analysis products; improving key satellite and in situ networks; and
strengthening national and international infrastructure, including the enhancing of the full participation
of least-developed countries and small island developing states.

2 Including nitrous oxide (N,O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs),
sulphur hexafluoride (SFg), and perfluorocarbons (PFCs).
Includes runoff (m®s™), ground water extraction rates (m® yr'') and location, snow cover extent (km?) and duration, snow depth
(cm), glacierfice cap inventory and mass balance (kg m? yr"), glacier length (m), ice sheet mass balance (kg m?yr") and
extent (kmz), permafrost extent (kmz), temperature profiles and active layer thickness, above ground biomass (t/ha), burnt
area (ha), date and location of active fire, burn efficiency (%vegetation burned/unit area).




The Plan is both technically feasible and cost-effective in light of the societal and economic
importance of climate observations to the considerations of the UNFCCC. It involves global extension
and improved operating practices for observing systems that are currently supported and functioning
for other purposes. While its implementation is dependent on national efforts, success will be
achieved only with international cooperation, coordination and in some cases, sustained technical and
financial support for the key global reference observation sites in least-developed countries. While the
Plan focuses on meeting global requirements, such global data and products are also relevant to
regional and local needs. In the case of extreme events, which are usually of a small scale and/or
short-lived, the Plan provides for global estimates of many such phenomena. Finally, the Plan will be
updated over time as networks and systems become operational and as new knowledge and
techniques become available.

Table 2. Summary of incremental annually recurring costs (in US-$).

Number of Number of | Number of | Number of
Cost Category* Common | Atmospheric Oceanic Terrestrial | Total
Actions Actions Actions Actions

I - <100K 4 8 7 11 30
I — 100K-1M 8 4 11 13 34
i - 1M-10M 2 11 17 11 42
IV - 10M-30M 1 8 6 2 17
VvV — 30M-100M 0 1 0 0 1
Uncosted Actions* 6 - - - 6
Total Number 21 32 41 37 131
Estimated total cost profile® 34.4M 282.8M 211.2M 102.6M 631.0M

*K: 1000s of US-$, while M: 1 000 000s of US-$.

The estimated costs are incremental to the expected future support of the current observing systems
and associated infrastructure. The cost estimates include both the costs of transition of current
systems from research to operations as well as those wholly associated with new systems. The new
observations and infrastructure for climate will serve many applications other than just the climate
needs of the Parties. For example, as the climate component of the proposed Global Earth
Observation System of Systems (GEOSS), they would meet the needs of many other GEOSS
applications. Satellites, though a major cost item accounting for some 40% of the total cost profile,
provide unique global coverage. In all cases the costs noted are simply indicative and would need to
be refined by those charged with executing the actions.

Key Action 1: Parties need, both individually and collectively, to commit to the full
implementation of the global observing system for climate, sustained on the basis of a mix of
high-quality satellite measurements, ground-based and airborne in situ and remote-sensing
measurements, dedicated analysis infrastructure, and targeted capacity-building.

3. Agents for Implementation

The global observing system for climate requires observations from all domains — terrestrial, oceanic,
and atmospheric — which are then transformed into products and information through analysis and
integration in both time and space. Since no single technology or source can provide all the needed
observations, the ECVs will be provided by a composite system of in situ instruments on the ground,
on ships, buoys, floats, ocean profilers, balloons, samplers, and aircraft, as well as from all forms of
remote sensing including satellites. Meta-data (i.e., information on where and how the observations
are taken) are absolutely essential, as are historical and palaeo-climatic records that set the context

4 . . .
Costs covered in domain actions.

® Estimated total cost profile assumes average costs (in US-$) of 0.1M for Category | actions, 0.5M for Category II, 5.0M for
Category lll, 20.0M for Category IV, and 65.0M for Category V.




for the interpretation of current trends and variability. Although these individual activities are to be
coordinated internationally through a variety of programmes, organizations and agencies, success will
depend mainly on national and regional entities that will translate the Plan into reality. Collectively, all
of these entities are referred to in the Plan as the ‘Agents for Implementation’.

The Plan outlines a comprehensive programme that marshals contributions from virtually all countries
and organizations dealing with Earth observations and requires continuing and strengthened
coordination and performance monitoring. An International Project Office is needed to help coordinate
the activities of the component elements of the system, to interact with regional bodies addressing
aspects of the Plan, to monitor the performance of the system, to identify deficiencies in the system,
and to coordinate measures to correct such deficiencies. It could also oversee the implementation of
the GCOS Cooperation Mechanism (see Section 3.4 in the Executive Summary).

Key Action 2: Parties need to provide support for an International Project Office to provide
overall coordination, to monitor performance, to report regularly on implementation, to initiate
corrective actions, and to oversee the GCOS Cooperation Mechanism.

3.1. International Agents

The networks, systems, data centres and analysis centres identified within this Plan are almost all
funded, managed and operated by national entities within their own requirements, plans, procedures,
standards and regulations. This Plan calls on all contributing networks and systems to respond to the
actions contained in it and, where appropriate, to adjust their plans, procedures and operations to
address the specified climate observing requirements. GCOS will continue to emphasize with all
relevant international and intergovernmental organizations the need for their Members to: (a)
undertake coordination and planning for systematic climate observations where this is not currently
being undertaken; and (b) produce and update on a regular basis plans for their contributions to the
global observing system for climate, taking into account the actions included in this Plan. For this to
be effective, it will also be essential for the Parties to ensure that their requirements for climate
observations are communicated to these international and intergovernmental organizations.

Key Action 3: The international and intergovernmental organizations need to incorporate the
relevant actions in this Plan within their own plans and actions.

3.2. Regional Agents

For some observations, regional planning and implementation of climate observing system
components is particularly effective as a means of sharing workloads and addressing common issues.
The GCOS Regional Workshop Programme has established a framework for interested nations to
work together to optimize their networks and to identify both national and GCOS network needs in
each region. Regional Action Plans, one of the outputs of these workshops, are being developed and
some elements of them are finding support from member nations and/or donors for implementation.

Key Action 4: Parties need to complete development and alignment of Regional Action Plans
for observations in the context of this Plan.

3.3. National Agents

The needs of the UNFCCC and other users for global climate observations and products can be
addressed only if plans are developed and implemented in a coordinated manner by national
organizations. As noted in the Second Adequacy Report, with the exception of the main
meteorological networks and the planning for individual activities, most climate-observing system
activities are poorly coordinated, planned and integrated at the national level. All Parties need
national coordination mechanisms and national plans for the provision of systematic observation of
the climate system. Such mechanisms are usually best sustained when national coordinators or focal
points® are designated and assigned responsibility to coordinate planning and implementation of
systematic climate observing systems across the many departments and agencies involved with their
provision.

6 The GCOS Steering Committee has developed guidelines for such functions.



Key Action 5: Parties are requested to undertake national coordination and planning and
produce national plans on their climate observing, archiving and analysis activities that
address this Plan.

Reporting by the Parties’ on systematic climate observation activities as part of their National
Communications under the UNFCCC is essential for planning and monitoring the implementation of
the global observing system for climate. The response by Parties to the Second Adequacy Report
emphasized that accurate and credible information relative to all aspects of climate observations must
be exchanged, according to the relevant guidelines (decisions 4/CP.5 and 11/CP.9).

Key Action 6: Parties are requested to submit information on their activities with respect to
systematic observation of all ECVs as part of their national communications to the UNFCCC
utilizing an updated Supplementary Reporting Format.

3.4. Participation by all Parties

Recognizing the common requirement for information on climate variability and change, the need for
all Parties to improve global observing systems for climate in developing countries has been a
consistent theme in the considerations by COP on systematic observation. There are many ways that
systems can be improved, including for example through developed-country agencies working with
organizations and personnel from developing countries, and the donation of equipment and the
training of personnel. The GCOS Cooperation Mechanism has been established by a core set of
countries to provide a coordinated, multigovernmental approach to address the high-priority needs for
stable long-term funding for key elements of the global observing system for climate, especially in
least-developed countries, small island developing states and some countries with economies in
transition. It will complement and work in cooperation with existing funding and implementation
mechanisms (e.g., the World Meteorological Organization (WMO) Voluntary Cooperation Programme,
the United Nations Development Programme, and the many national aid agencies), many of which
deal with climate-related activities and support capacity-building in particular.

Key Action 7: Parties are requested to address the needs of least-developed countries, small
island developing states and some countries with economies in transition for taking
systematic climate observations by encouraging multilateral and bilateral technical
cooperation programmes to support global observing systems for climate and by participating
in the GCOS Cooperation Mechanism.

4. Access to Climate Data

41. High-Quality Climate Data

Ensuring that high-quality climate data records are collected, retained and made accessible for use by
current and future generations of scientists and decision-makers is a key objective of this Plan. As a
result, investment in the data management and analysis components of the system is as important as
the acquisition of the data. The Plan calls for strengthening the current International Data Centres®
and seeking commitments for new Centres so that all ECVs have an appropriate infrastructure.

Key Action 8: Parties need to ensure that International Data Centres are established and/or
strengthened for all ECVs.

The flow of data to the user community and to the International Data Centres is not adequate for
many ECVs, especially for those of the terrestrial observing networks. Lack of national engagement
and/or resources, restrictive data policies, and inadequate national and international data-system
infrastructure are the main causes of the inadequacy.

! Reports are available through the UNFCCC Secretariat.
8 International Data Centres are responsible for monitoring, product preparation and dissemination as well as archiving.



In decision 14/CP.4, the COP urged Parties to undertake free and unrestricted exchange of data to
meet the needs of the Convention, recognizing the various policies on data exchange of relevant
intergovernmental and international organizations. Yet, as the Second Adequacy Report points out
repeatedly with respect to almost all of the variables, the record of many Parties in providing full
access to their data is poor. This Plan is based on the free and unrestricted exchange of all data and
products and incorporates actions to: develop standards and procedures for meta-data and its
storage and exchange; to ensure timely, efficient and quality-controlled flow of all ECV data to climate
monitoring and analysis centres and international archives, and to ensure that data policies facilitate
the exchange and archiving of all ECV data and associated meta-data.

411. International Standards and Guidance

The international programmes and Technical Commissions of WMO and the Intergovernmental
Oceanographic Commission (IOC) exist to provide the standards, regulatory material and guidelines
for the collection of climate data in the Atmospheric and Oceanic Domains. There is at present no
equivalent international body or technical commission for climate observations for the Terrestrial
Domain. A key requirement for successful implementation of this Plan is the urgent establishment of
such an international body by the relevant international organizations, including WMO, the Food and
Agriculture Organization of the United Nations (FAO), the United Nations Environment Programme
(UNEP), and the International Council for Science (ICSU).

Key Action 9: The relevant intergovernmental organizations including WMO, FAO, UNEP, and
ICSU need to create a mechanism for establishing standards, regulatory material and
guidelines for terrestrial observing systems.

4.1.2. GCOS Climate Monitoring Principles

The GCOS Climate Monitoring Principles (GCMPs) provide basic guidance regarding the planning,
operation and management of observing networks and systems, including satellites, to ensure that
high-quality climate data are available and contribute to effective climate information. The GCMPs
address issues such as the effective incorporation of new systems and networks; the importance of
calibration, validation and data homogeneity; the uninterrupted operation of individual stations and
systems; the importance of additional observations in data-poor regions and regions sensitive to
change; and the crucial importance of data management systems that facilitate access, use and
interpretation of the data. These principles have been adopted or agreed by the UNFCCC, WMO,
Committee on Earth Observation Satellites (CEOS) and other bodies. The implementation actions
now call on all data providers to adhere to the GCMPs and to initiate effective programmes of data
quality control.

Key Action 10: Parties need to ensure that their climate-observing activities which contribute
to GCOS adhere to the GCMPs.

4.1.3. Data Stewardship and Management

Climate observations that are well documented, and have good meta-data about the systems and
networks used to make them, become more valuable with time. The creation of climate-quality data
records is a fundamental objective of the global observing system for climate. International standards
and procedures for the storage and exchange of meta-data need to be developed and implemented
for many climate observing system components, including those of the operational satellite
community. It is essential that all such data be properly archived and managed with the full
expectation that they will be reused many times over in the future, often as a part of reprocessing or
reanalysis activities. Good stewardship of the data also requires that data be migrated to new media
as technology changes, be accessible to users, and be made available with minimal incremental
costs.

Key Action 11: International standards for meta-data for all ECVs need to be established and
adopted by the Parties in creation and archiving of climate data records.



4.2. Domain-Specific Observing Networks and Systems

The global observing system for climate is an integrated system comprised of complementary satellite
and in situ components. With greater attention to climate monitoring issues, satellites are expected to
become an increasingly more important means of obtaining observations globally for comparing
climate variability and change over different parts of the Earth. Therefore, a system of satellites and
satellite sensors implemented and operated in a manner that ensures the long-term accuracy and
homogeneity of the data through the adoption of the GCMPs, is a high priority within the Plan. At the
same time, some ECVs will remain dependent on in sifu observations for long-term trend information,
for calibration and validation of satellite records, and for measuring variables not amenable to direct
satellite measurement (e.g., sub-surface oceanic ECVs). Consistent with the role of satellites, the
Plan details the substantial effort required to ensure the operation and refinement of in situ networks.

Some of the key domain-specific components merit highlighting.
4.2.1. Atmospheric Domain

Many atmospheric networks and systems, including some satellite components, are relatively mature,
having been in existence for several decades, albeit generally for non-climate purposes. As a result, a
key action for this domain is to ensure the full global implementation of these networks and systems
for climate purposes. Other key actions respond to the need for additional baseline observations to
enable full use of existing measurements, improvements relating to a few important but poorly-
observed variables, and the use of reanalysis techniques to generate needed climate information
products.

The GCOS Surface Network (GSN), together with the other surface atmospheric networks, provides
the basic observations of the surface climate in which we live. The GCOS Upper-Air Network
(GUAN), together with related satellite observations, provides a baseline for the upper atmosphere.
Network and system improvements are proposed in many areas, including the extension of the GSN
to include all relevant surface ECVs. Indeed, the advantages of collocated measurements imply that
greater efforts should be made to establish sites where many of the ECVs for both the Atmospheric
and Terrestrial Domains are observed. In the upper atmosphere, water vapour plays a critical role in
climate feedback, and supplements to the current baseline observations are needed from reference
networks and GPS-based techniques.

Key Action 12: Parties need to: (a) ensure the implementation and full operation of the
baseline networks and systems contained in Table 3 in accordance with the GCMPs, in order
to specifically resolve reported problems, to ensure the exchange of these data with the
international community, and to recover and exchange historical records; (b) establish a high-
quality reference network of about 30 precision radiosonde stations and other collocated
observations; and (c) exploit emerging new technology including the use of radio-occultation
techniques and ground-based Global Positioning System (GPS) sensing of the total water
column.

Table 3. Existing atmospheric baseline networks and systems.

o GCOS Surface Network (GSN).

o The atmospheric component of the composite surface ocean
observation system including sea-level pressure (see Key Actions 17
and 18).

GCOS Upper-Air Network (GUAN).

Global Atmosphere Watch (GAW) global CO, network.

MSU-like radiance satellite observations.

Total solar irradiance and Earth radiation budget satellite observations.

With the societal importance of precipitation, there is further urgent need for improved global analyses
including unbiased estimation of precipitation over the oceans and at high latitudes and further
development and understanding of the implications of automation on precipitation measurements.



Key Action 13: Parties are urged to: (a) establish a reference network of precipitation stations
on key islands and moored buoys around the globe and at high latitudes; (b) submit national
precipitation data (preferably hourly data) to the International Data Centres; and (c) support
the further refinement of satellite precipitation measurement techniques.

The total solar irradiance and Earth radiation budget measurements provide overall monitoring of the
solar radiation and the net greenhouse effect within the atmosphere. Clouds, as well as water vapour,
strongly affect this Earth radiation budget and provide the most uncertain feedbacks in the climate
system. It is vital to maintain long-term records concerning the overall radiation of the Earth. Cloud
properties are of particular importance and research, some of which is in progress, is needed to
improve the monitoring of clouds. Surface radiation measurements over land are an important
complementary observation and the baseline surface radiation network needs to be extended to
achieve global coverage.

Key Action 14: Parties need to: (a) ensure the continued operation of satellite measurements
of the Earth radiation budget and solar irradiance (e.g., the NASA Earth Radiation Budget
Experiment); and (b) support research to extend and improve current capabilities for
monitoring clouds as a high priority.

Greenhouse gases and aerosols are the primary agents in forcing climate change; continuous
observations that are spatially and temporally homogeneous are therefore required. For the
greenhouse gases, elements of the needed networks are in place but extension and improved
attention to calibration are needed. Aerosols are a complex variable and the Plan proposes a key
action in the establishment of an improved reference network and a global network for the aerosol-
related optical depth variable.

Key Action 15: Parties need to: (a) fully establish a baseline network for key greenhouse
gases; (b) improve selected satellite observations of atmospheric constituents; and (c) extend
existing networks to establish a global baseline network for atmospheric optical depth.

4.2.2. Oceanic Domain

New technology, developed and proven by the oceanic climate research programmes of the 1990’s,
has allowed the ocean community to design, and commence implementation of, an initial oceanic
climate observing system. The first action of the initial system is the global implementation of the
surface and sub-surface networks, including the establishment of data analysis systems. This will
allow for a composite system of satellite and in situ observations collected by operational and
research groups to be synthesized into information products. Sustaining this system will require
national designation of and support for Agents for Implementation, and the establishment of effective
collaboration between research and operational groups. This will also require the continuity of existing
and predominantly research-based in situ and satellite activities.

Key Action 16: Parties need to: (a) complete and sustain the initial oceanic observing system
for climate; (b) designate and support national Agents for Implementation for implementing
this system; (c) establish effective partnerships between their ocean research and operational
communities towards implementation; and (d) engage in timely, free and unrestricted data
exchange.

The surface ocean network will provide information about the patterns of ocean surface temperature,
pressure, winds, salinity, sea level, waves and sea ice that are important both to the global climate
and its regional distribution and to marine resources and coastal societies. In particular, sea ice,
which plays a key and complex role in climate feedback, requires continued research into improved in
situ and satellite measurements.

The surface observing network depends critically on the continuity of satellite observations, most of
which are in research rather than operational status (Table 4), and on the full implementation of the in
situ activities identified in this Plan.

Key Action 17: Parties need to ensure climate quality and continuity for essential ocean
satellite observations (see Table 4).



Table 4. Essential ocean satellite systems.

« Sustained support for vector-wind (scatterometer), sea-ice, sea-
surface temperature (microwave and infra-red) and ocean-colour
measurements.

« Continuous coverage from altimeters to provide high-precision and
high-resolution sea-level measurements (1 high-precision and 2 lower-
precision altimeters).

Key Action 18: Parties need to provide global coverage of the surface network by
implementing and sustaining: (a) the GCOS baseline network of tide gauges; (b) an enhanced
drifting buoy array; (c) an enhanced Tropical Moored Buoy network; (d) an enhanced
Voluntary Observing Ships Climatology (VOSCIlim) network; and (e) a globally-distributed
reference mooring network.

The sub-surface ocean network will provide critical information on ocean climate variability and
change. The network will provide a capacity for monitoring the regional oceanic uptake of heat,
freshwater and carbon, and identification of abrupt climate change arising from changes in the
planetary hydrological cycle processes. In association with the surface observations, they also
provide the basis for seasonal-to-interannual predictions that can be critical in giving forecasts of the
likelihood of extreme climatic events.

Key Action 19: Parties need to provide global coverage of the sub-surface network by
implementing and sustaining: (a) the Argo profiling float array; (b) the systematic sampling of
the global ocean full-depth water column; (c) the Ship-of-Opportunity Expendable
Bathythermograph (XBT) trans-oceanic sections; and (d) the Tropical Moored Buoy and
reference mooring networks referred to in Key Action 18 above, as well as the satellite
altimetry system described in Table 4.

In recognition of the importance of potential changes to the ocean carbon cycle and marine
ecosystems, the Plan contains a number of important research and implementation actions dealing
with the establishment of an observing network for the partial pressure of carbon dioxide (pCO,) and
the measurement of the state and change of carbon sources and sinks in the oceans.

Finally, continuing climate research and technology programmes for the oceans are needed to
enhance the efficiency and effectiveness of observing efforts, and to develop capabilities for important
climate variables that cannot currently be observed globally. This need for enhanced capability is
particularly acute for remote locations, for improved understanding of the ocean ecosystems, for
improving the estimates of uncertainty, and for understanding the mechanisms of climate change.

4.2.3. Terrestrial Domain

The climate observing system in the Terrestrial Domain remains the least well-developed component
of the global system, whilst at the same time there is increasing significance being placed on
terrestrial data for climate forcing and understanding, as well as for impact and mitigation assessment.

The Plan proposes actions designed to achieve an initial coordinated and comprehensive
observational programme for all terrestrial ECVs. The nature of the Terrestrial Domain is such that
priority is being placed on obtaining global products for all ECVs from a range of research-level
satellite sensors supported by an increasing number of reference and baseline in situ networks.

Key Action 20: Parties are urged to support the operational continuation of the satellite-based
products given in Table 5.



Table 5. Priority terrestrial satellite products.

« Daily global albedo from geostationary and polar orbiting satellites.

« LAl and fAPAR products to be made available as gridded products.

« Gridded fire and burnt area products through a single International
Data Centre.

« Snow cover of both hemispheres.

« Digital elevation maps of the ice sheet surfaces and full glacier
inventory from current spaceborne cryosphere missions.

» Specification and production of land-cover characterization data
sets.

A coordinated reference network is needed for: in situ observations of the fullest possible range of
terrestrial ECVs and associated details relevant to their application in model validation; process
studies; validation of observations derived from Earth observation satellites; and to address intrinsic
limitations in some of these, such as the saturation of LAl measurements. Opportunities for collocation
of Atmospheric and Terrestrial Domain reference network sites should be sought whenever possible.

Key Action 21: Parties are urged to develop a global network of at least 30 reference sites
(collocated with atmospheric sites if possible) to monitor key biomes and to provide the
observations required in the calibration and validation of satellite data.

The hydrological variables are of critical societal importance. Many are observed but not well
exchanged for the purposes of assessing global climate change. The proposed international body
(Key Action 9 above) is intended to establish standards for, and to facilitate the exchange of,
terrestrial data for climate and other purposes. The Plan proposes specific actions to continue with the
implementation of the Global Terrestrial Networks (GTNs) for hydrology (including specific lakes and
rivers components), for glaciers and for permafrost.

Key Action 22: Parties are urged to: (a) fill the identified gaps in the global networks for
permafrost, glaciers, rivers and lakes; (b) provide support for the designated International Data
Centres; and (c) submit current and historical data to the International Data Centres.

5. Availability of Climate Products

Use of observations for policy and planning purposes depends on access to information beyond the
basic observations. To meet the needs of all nations for climate information, the global observing
system for climate must generate useful climate products. The preparation of climate products almost
invariably involves the integration of data in time and space, as well as the blending of data from
different sources. Some products, such as reanalysis to climate standards, involve extensive data set
preparation and significant computing and data management resources, and implicitly require
estimation of uncertainties. Providing access to climate information for all Parties will involve
significant information technology infrastructure. The best use of available resources will come via
international coordination of these activities. Therefore, a sustained and coordinated application of
reanalysis is one of the key actions of this Plan for all domains.

Key Action 23: Parties are urged to adopt an internationally-coordinated approach to the
development of integrated global climate products and to make them accessible to all Parties.
As far as possible, these products should incorporate past data covering at least the last 30
years in order to serve as a reference for climate variability and change studies.

Key Action 24: Parties are urged to give high priority to establishing a sustained capacity for

global climate reanalysis, to develop improved methods for such reanalysis, and to ensure
coordination and collaboration among centres conducting reanalyses.
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6. Improving the System

Our ability to measure some key and emerging ECVs from in situ and remote sensing systems (both
surface- and satellite-based) is limited by the lack of suitable instruments and techniques. The
limitation can vary all the way from difficulties with the fundamental observing technique to those
associated with instrumentation, algorithms, suitable calibration/validation techniques, spatial and/or
temporal resolution, ease of operation, and cost.

The development, demonstration, and validation of existing and new techniques are vital to the future
success of the global observing system for climate. It is critically important that as new global
satellite-based observations of environmental variables are made, the validation of both the
measurements themselves (e.g., radiances) and the retrieval algorithms be carried out under a
sufficiently broad range of conditions that they can be confidently applied in the creation of a global
data sets.

Research is needed to improve the ability to blend different data sets and/or data sources into
integrated products. As new types of data are assimilated into models, it will also be important to
understand the error characteristics of the new data and the models used. Data assimilation for
climate purposes is still in an early stage of development and requires continued research support. As
these developments occur, reprocessing of data to take advantage of the new knowledge will be vital
to sustained long-term records.
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Implementation Plan for the
Global Observing System for Climate
in Support of the UNFCCC

1. Background and Introduction

The Global Climate Observing System (GCOS), in consultation with its partners, has developed a
plan that, if fully implemented by the Parties, will provide those global observations of the Essential
Climate Variables® (ECVs) and their associated products that are required by the Parties to the United
Nations Framework Convention on Climate Change (UNFCCC). This implementation plan specifically
responds to the request of the Conference of the Parties (COP) to the UNFCCC in its decision
11/CP.9 to develop a 5- to 10-year implementation plan and to submit it to the Subsidiary Body for
Scientific and Technological Advice (SBSTA) of the COP at its 21 session in December 2004 (see
Appendix 1). The plan draws on the views of the Parties on the Second Report on the Adequacy of
Global Observing Systems for Climate in Support of the UNFCCC'" (hereafter called the ‘Second
Adequacy Report’) submitted by GCOS to SBSTA at its eighteenth session (June 2003). In preparing
this implementation plan (the Plan), GCOS has:

e Considered existing global, regional and national plans, programmes and initiatives.

o Consulted extensively with a broad and representative range of scientists and data users,
including an open review of the Plan.

e Collaborated closely with the ad hoc Group on Earth Observations (GEO) in developing their

respective implementation plan.

Identified implementation priorities, resource requirements and funding options.

Included indicators for measuring progress in implementation.

The Second Adequacy Report provided a basic framework for an implementation plan through its
overarching conclusions and its multiple findings (see Appendix 2). The Second Adequacy Report
called for:

e Global coverage.

e Free and unrestricted exchange and availability of observations of the Essential Climate
Variables (ECVs) required for global-scale climate monitoring in support of the UNFCCC
(Table 6).

e Availability of integrated global climate-quality products.

e Improvements to and maintenance of the global networks and satellites required to sustain
these products, including system improvements and capacity-building in developing countries,
especially in the least-developed countries and small island developing states.

e Internationally-accepted standards for data and products, especially in the Terrestrial Domain,
and adherence to the GCOS Climate Monitoring Principles (GCMPs) (see Appendix 3).

The goal of this Plan is to specify the actions"’ required to implement a comprehensive observing
system for the ECVs that would address Articles 4 and 5 of the UNFCCC, and if fully implemented, to:

e Characterize the state of the global climate system and its variability.

e Monitor the forcing of the climate system, including both natural and anthropogenic
contributions.

e Support the attribution of the causes of climate change.

o These are contained in Tables 1 and 6 and were fully described in the Second Adequacy Report and its Technical Annexes.

10 The Second Report on the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC, GCOS-82,
April 2003 (WMO/TD No. 1143). Appendix 2 herein provides background on the goals, findings and conclusions of the report
as well as related activities with the UNFCCC Conference of the Parties (COP) and its Subsidiary Body on Scientific and
Technological Advice (SBSTA).

Cross-references to each proposed action are shown throughout the text by referring to the associated finding from the
Second Adequacy Report.
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e Support the prediction of global climate change.

o Enable projection of global climate change information down to regional and local scales.

e Enable the characterization of extreme events important in impact assessment and
adaptation, and to the assessment of risk and vulnerability.

The list of ECVs is expected to evolve slowly as scientific requirements change and as technological
developments permit. Emerging ECVs, including soil moisture and isotopes in water among others,
should be the focus of collaborative research initiatives. Future adequacy reports leading to revisions
in the implementation planning will provide the opportunity for the research community and the
UNFCCC to address the proposed changes to the list of ECVs, and will identify actions required to
realize the emerging requirements.

Table 6. Essential Climate Variables that are both currently feasible for global
implementation and have a high impact on UNFCCC requirements (as Table 1).

Domain Essential Climate Variables
Surface: Air temperature, Precipitation, Air pressure, Surface radiation budget,
Wind speed and direction, Water vapour.
Atmospheric Upper-air: Earth radiation budget (including solar irradiance), Upper-air

(over land, sea

temperature (including MSU radiances), Wind speed and direction,

and ice) Water vapour, Cloud properties.
Composition: Carbon dioxide, Methane, Ozone, Other long-lived greenhouse
gases“, Aerosol properties.
Surface: Sea-surface temperature, Sea-surface salinity, Sea level, Sea state,
Sea ice, Current, Ocean colour (for biological activity), Carbon dioxide
. partial pressure.
Oceanic

Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon, Ocean tracers,

Phytoplankton.

River discharge, Water use, Ground water, Lake levels, Snow cover, Glaciers and ice
caps, Permafrost and seasonally-frozen ground, Albedo, Land cover (including
vegetation type), Fraction of absorbed photosynthetically active radiation (fAPAR), Leaf
area index (LAIl), Biomass, Fire disturbance.

Terrestrial™®

The global observing system for climate requires observations from land-based and airborne in situ
and remote-sensing platforms and also from satellites, which are then transformed into products and
information, through analysis and integration in both time and space. Since no single technology or
source can provide all the needed information, it will be composed of instruments at ground stations
as well as on ships, buoys, floats, ocean profilers, balloons, samplers, aircraft and satellites.
Information on where and how the observations are taken (meta-data) is absolutely essential, as are
historical and palaeoclimatic records to set the context for the interpretation of trends and variability.

The Plan is both technically feasible and cost-effective. While its implementation is fully dependent on
national efforts, success will be achieved only through internationally-coordinated action. The Plan
initially focuses on the global nature of the requirements, but at the same time it recognizes that its
data and products also are relevant to regional and local requirements. In the case of the monitoring
of extreme events, which can be inherently of a small scale and/or high frequency, the Plan provides

12 Including nitrous oxide (N2O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs),
sulphur hexafluoride (SFg), and perfluorocarbons (PFCs).
Includes runoff (m® s™), ground water extraction rates (m> yr'') and location, snow cover extent (km?) and duration, snow
depth (cm), glacier/ice cap inventory and mass balance (kg m? yr'"), glacier length (m), ice sheet mass balance (kg m2 yr'1)
and extent (km?), permafrost extent (km?), temperature profiles and active layer thickness, above ground biomass (t/ha),
burnt area (ha), date and location of active fire, burn efficiency (%vegetation burned/unit area).
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for global estimates of such phenomena. It will be updated over time as networks and systems
become operational and as new knowledge and techniques become available.

Implementation depends upon close cooperation between many different organizations and
agencies14 with complementary responsibilities. These organizations, together with GCOS and other
relevant bodies including the Space Agencies and the international research programmes, have
formed the Integrated Global Observing Strategy Partnership (IGOS-P). The partnership provides a
coordinated approach for the definition, development and implementation of global observing
systems. Each of the observing system partners is interested in observation for a wide range of users,
not only climate. Therefore GCOS works with them to ensure that they are fully aware of the climate
requirements and to help ensure that those climate requirements are met.

The first Earth Observation Summit (Washington, DC, USA, July 2003) initiated actions to develop a
conceptual framework for building a comprehensive, coordinated, and sustained Earth observation
system of systems and established an ad hoc Group on Earth Observations (GEO). The second Earth
Observation Summit (Tokyo, Japan, April 2004) adopted the framework document and initiated
drafting of a ten-year implementation plan. The framework document identifies the understanding of
climate variation and change (including assessment, prediction, mitigation and adaptation) as one of
the principal societal areas of importance for the envisaged Global Earth Observation System of
Systems (GEOSS). The document acknowledges the work undertaken by GCOS to address the
global observing requirements for climate and the assessment of the adequacy of the present
systems. GCOS will contribute directly to this comprehensive effort by providing the implementation
requirements and mechanisms required to observe the global climate system — a major objective of
the GEOSS.

Section 2 below provides the strategic approach to the development of the Plan. Section 3 addresses
a number of actions relevant to all domains with Sections 4, 5, and 6 providing specific actions for the
Atmospheric, Oceanic and Terrestrial Domains, respectively, and sorted with respect to the ECVs
within each domain.

2. The Strategic Approach to Implementation
21. Basis Provided by Second Adequacy Report

This Plan translates the findings and priorities arising from the Second Adequacy Report into specific
actions that can be taken by Parties, international and intergovernmental organizations and other
regional and national entities. The approach proposes implementation actions on all the ECVs that
are both currently feasible for global implementation and have a high impact on UNFCCC and the
Intergovernmental Panel on Climate Change (IPCC) requirements for climate change detection,
attribution, prediction, impact assessment, and adaptation. While many of the actions noted are
directed at the international and intergovernmental organizations in their roles as programme
coordinators, it should be stressed that actual progress is dependent on national actions.

The strategic approach adopted in the Plan is based on:

¢ Global coverage of surface-based in situ and remote sensing observing networks — this largely
involves:

o Improvements in existing networks to achieve the recommended technical, operational
and maintenance standards, especially in developing countries, for the Atmospheric
and Terrestrial Domains.

o Expansion of existing networks and especially improving the density and frequency of
observations for the Oceanic Domain and in remote data-sparse regions, including the
high latitudes.

o Improved data acquisition systems and data management programmes including
adherence to the GCMPs.

1 Including the international observing programmes such as the World Weather Watch Global Observing System (GOS) and
the Global Atmosphere Watch (GAW) of the WMO; the Global Ocean Observing System (GOOS); and the Global Terrestrial
Observing System (GTOS) and their sponsors.
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o Effective utilization of satellite data through continuous and improved calibration and/or
validation, effective data management, and continuity of current priority satellite observations.

e Routine availability of integrated global climate-quality products from international data and
product centres and enhanced reanalysis activities.

e Management actions — changes or incremental enhancements to what Parties or international
and intergovernmental organizations are currently doing, e.g., enhanced monitoring of data
availability based on existing data systems.

e Continued generation of new capabilities through research, technical development and pilot-
project demonstration.

The Plan designates three categories of networks that will provide observations. These are:

o Comprehensive global observing networks including regional and national networks as well
as satellite data as appropriate/possible. The comprehensive networks provide observations
at the detailed space and time scales required to fully describe the nature, variability and
change of a specific climate variable.

e Baseline global observing networks, which involve a limited number selected locations that
are globally distributed and provide long-term high-quality data records of key global climate
variables, as well as calibration for the comprehensive networks.

o Reference networks, which provide highly-detailed and accurate observations at a few
locations for the production of stable long time series and for satellite calibration/validation
purposes.

Although an ultimate goal, it is presently unrealistic to attempt to establish and operate networks at all
levels for all climate variables. Priority is currently given within the Plan to the establishment of key
baseline and reference networks making in situ observations and selected comprehensive networks
that include a substantial satellite observation component.

The GCMPs provide basic guidance regarding the planning, operation and management of observing
networks and systems, including satellites, to ensure high-quality climate data that contributes to
effective climate information. The GCMPs address issues such as the effective incorporation of new
systems and networks; the importance of calibration, validation and data homogeneity; the
uninterrupted operation of individual stations and systems; the importance of additional observations
in data-poor regions and regions sensitive to change; and the crucial importance of data management
systems that facilitate access, use and interpretation of the data. These principles have now been
formally adopted or agreed by the UNFCCC, WMO, CEOS and other bodies (see Appendix 3).

2.2. Agents for Implementation

GCOS is a composite of contributions from observing systems and associated infrastructure from a
broad range of existing programmes often with observing mandates different from the requirements of
climate. The coordination and guidance provided by GCOS to these systems is designed to optimize
the contribution of each one to the climate-observing mission.

Understanding climate requires observations in the Atmospheric, Oceanic and Terrestrial Domains
and truly interdisciplinary analysis involving meteorologists, hydrologists, oceanographers, biologists,
geologists, physicists, glaciologists, chemists, and others to mutually and collaboratively address the
various issues and problems. It also requires open access to the full suite of observations and
products.

The international observing systems contributing climate observations to GCOS include the Global
Ocean Observing System (GOOS), the Global Terrestrial Observing System (GTOS), the World
Meteorological Organization (WMO) Global Observing System (GOS), the WMO Global Atmosphere
Watch (GAW), the worldwide hydrological networks, and the full suite of operational and experimental
Earth observing satellite systems. Appendix 4 lists the contributing systems, together with the
associated international and intergovernmental organizations that currently set the standards and the
technical regulations, under which they operate, and their various inter-relationships and coordination
mechanisms.

The international scientific community is represented largely through the World Climate Research
Programme (WCRP), and the International Geosphere-Biosphere Programme (IGBP), which together
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with the IPCC have established the scientific basis for the observing system requirements. By virtue
of their use of the observations, they are also uniquely placed to offer evaluations of the quality and
coverage provided by the data sets — and to provide continuing guidance on the implementation
process.

Although the international programmes provide a visible face for most global observing systems and
networks, virtually all climate-related observations are actually taken and contributed by national
agencies and/or institutions'. Thus, it is the Parties themselves and their agencies that bear the
primary responsibility for implementing and operating observing activities for climate, for coordinating
their activities through international programmes, and for providing support for research and
technology development programmes. The functions of international data archiving and the provision
of integrated global climate analysis and products are undertaken by national or multinational
institutions, on behalf of the global community — these institutions should endeavour to provide the
data and products openly and without restriction to all other nations as part of their commitment.

2.3. Criteria Used to Assign Priority
Criteria for placing items within the current or near-future implementation time-line of this Plan include:

e Clearly significant and citable benefits towards meeting the needs stemming from Articles 4
and 5 of the UNFCCC for specific climate observations in support of impact assessment,
prediction and attribution of climate change, and the amelioration of and adaptation to
projected future changes.

o Feasibility of an observation — determined by the current availability of an observation or by
knowledge of how to make an observation with acceptable accuracy and resolution in both
space and time.

o Ability to specify a tractable set of implementing actions (“Tractable” implies that the nature of
the action can be clearly articulated, that the technology and systems exist to take the action,
and that an Agent for Implementation, best positioned to either take the action or to ensure
that it is taken, can be specified).

o Cost effectiveness — the proposed action is economically justified.

2.4. Phased Approach

The Plan identifies short-, medium- and long-term actions that focus on the high-priority elements.
The ultimate goal of GCOS is to arrive at a climate-observing system that routinely provides
observations for all ECVs, i.e., observations, which are long-term (sustained and continuous), reliable
and robust, and with institutional commitment for their production (organizational home and sustained
funding). Many observations in the current observing system are not provided routinely. The phased
approach for some of these observations will initially involve an experimental or research phase that,
if successful, will be followed by a pilot project stage where the technique or system is deployed,
thoroughly tested and evaluated prior to making it a part of the operational or routine observing
programme. This means that the Plan will evolve over time as new knowledge and technology
becomes available. As GCOS implementation progresses, enhanced monitoring of implementation
will be needed including the specification of targets for measuring progress over appropriate (e.g.,
five-year) intervals.

2.5. Global and Integrated Approach

In the future, the satellite remote sensing systems that provide global coverage and are well
calibrated will become increasingly more important for global observations of climate. However,
surface-based and airborne in situ and remote sensing systems will always remain important. When
satellite remotely-sensed data are the primary source for observing an ECV, some in situ and/or
remotely-sensed data are almost always needed to calibrate, validate and assess the long-term
stability of the satellite data. If problems are detected in long-term stability, then high-quality in situ
observations, with long station histories and appropriate adjustments in case of changes in
instrumentation, can be used to vicariously adjust the satellite data. The synthesis of satellite and in

18 Occasionally, nations form a multi-national agency or entity to undertake a particular activity (e.g. the European Organisation
for the Exploitation of Meteorological Satellites (EUMETSAT)).
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situ data can take advantage of the unique characteristics of each data type to provide an integrated
product with both high spatial resolution and long-term stability. Many of the current research satellite
missions have demonstrated the potential of new instruments to better meet climate and other needs.
Seeking effective means of maintaining long-term operation and continuity of these instruments will
be critical to the achievement of this Plan.

From this global foundation, higher-resolution networks and analysis products enhance the
observational resource and build functionality that allows for application on regional and national
scales as appropriate.

As previously discussed, GCOS is being implemented primarily through the setting of climate
standards and requirements for and the cooperation of its affiliated observing systems, e.g., World
Weather Watch/Global Observing System (WWW/GOS) and WMO GAW, GOOS, GTOS, etc. Many
of the potential contributing networks and systems have been designed and operated to address
other applications; many of these can, however, become major contributors to GCOS often through
some straightforward, operational changes such as providing adequate meta-data, ensuring that the
instrument and observing platform or station operation follows the GCMPs and/or the systematic
submission of data to the specified International Data Centres.

Thus, GCOS will require a composite of surface-based, sub-surface ocean, and airborne in situ and
remotely-sensed data along with satellite data and products, yielding comprehensive information for
all three domains (atmospheric, oceanic and terrestrial); with data acquisition procedures following the
GCMPs, and data and information products available through internationally-designated data and
analysis centres. This integration often occurs on a variable-by-variable basis and on two broad time-
frames. The first time-frame is real time or near real time for monitoring and prediction purposes and
for providing quality control and essential feedback to the observers and system operators. The
second time-frame is delayed mode, where historical data are also incorporated, usually as part of an
analysis or as part of ongoing research on climate variability and change.

Data assimilation is a technique that adds considerable value to global observing systems by
combining heterogeneous sets of observations (e.g., in situ and remotely-sensed measurements) as
well as using global numerical models to incorporate other ECVs into consistent analyses. Diagnostic
data produced during the assimilation process provide information on the overall quality of the
analyses, including information on model biases, and can be used to identify questionable data.

Information on many Atmospheric Domain ECVs could in principle be obtained by accumulating the
analyses made each day to initiate numerical weather forecasts. However, the data assimilation
systems used in routine numerical forecasting are subject to frequent change as the systems are
continually improved. This introduces inhomogeneities in the analyses that limit their usefulness for
studies of interannual and longer-term variations in climate. To overcome this situation, programmes
of atmospheric reanalysis have been established in Europe, the USA and Japan, using modern stable
data-assimilation systems to reprocess all the available observations taken over the past several
decades. Such reanalysis products have found application in studies of climate, basic atmospheric
processes, and ocean-model initialization and forcing. The extension of the reanalysis concept more
fully to the Oceanic and Terrestrial Domains and to coupled atmosphere-ocean models will be major
steps in global climate monitoring.

Another dimension of the integrated approach is the extension of the climate record through the
blending of data from palaeo-data records from tree rings, sediment cores, ice cores, etc. with the
instrumental records of the last two centuries. The production of an accurate record of the current
global climate will assist enormously in the interpretation of the palaeo-data and provide opportunity to
better compare and contrast the present climate with the past record.

2.6. Building Capacity

The need for Parties to improve the global observing system for climate in developing countries has
been a common theme in the considerations by SBSTA on systematic observation. There are many
ways that systems can be improved, including developed country agencies working with organizations
and personnel from developing countries; the donation of equipment and the training of personnel etc.
The Second Adequacy Report concluded, however, that there was a need to establish “a voluntary
funding mechanism for undertaking priority climate-observing-system improvements and related
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capacity-building with least-developed countries and small-island developing states as well as with
some of those countries with economies in transition”.

Resulting from deliberation initiated at SBSTA-17 (New Delhi, 2002) the GCOS Cooperation
Mechanism was established by a core set of countries to provide a coordinated multigovernmental
approach to address the high-priority needs for stable long-term funding for key (baseline) elements
of the global observing system for climate in support of the requirements of the UNFCCC, IPCC and
other GCOS users, especially those needs of developing countries, taking into account the special
needs and situations of least-developed countries and small island developing states. It consists of a:

e GCOS Cooperation Board as the primary means to facilitate cooperation amongst donor
countries, recipient countries, and existing funding and implementation mechanisms, to
address high-priority needs for improving climate observing systems in developing countries;
and a

e GCOS Cooperation Fund as a means to aggregate commitments and voluntary contributions
from multiple donors (both in-kind and financial) into a common trust fund.

The resulting mechanism will address priority improvements in atmospheric, oceanic, and terrestrial
observing systems for climate, including addressing data rescue, analysis and archiving activities. It is
intended to complement and work in cooperation with existing funding and implementation
mechanisms (e.g., WMO Voluntary Cooperation Programme, the Global Environment Facility (GEF),
the United Nations Development Programme, and the many national aid agencies), many of which
deal with GCOS-related activities and, particularly, support capacity-building. The success of the
mechanism will depend critically upon receiving adequate resources for both technical programme
management and specific network needs.

Many Parties have expressed the need for better information on scientific priorities (e.g., through the
GCOS Steering Committee) on current capacities in developing countries and on existing donor
country activities (e.g., by developing an inventory) in order to facilitate cooperation in implementing
system improvements through the cooperative and coordinated actions of multiple Parties. This work
will require an active secretariat and project management function.

Capacity-building is a cross-cutting issue that supports operation and maintenance of observational
networks, a range of data management activities such as data quality assurance, analysis and
archiving, and a variety of applications to societal problems, while improving the underlying education
and training. Building capacity also involves cooperation intra-nationally (among agencies within
governments) and between nations regionally to address the multi-domain, multi-discipline objectives
of GCOS. For example, the collocation of observing facilities, as appropriate, at stations or
observatories in the various reference and baseline networks. Such synergy and collaboration will in
principle be cost-effective and will encourage the collaboration among disciplines that climate science
requires, particularly when orientated to vulnerability, impact and adaptation studies, as required in
the UNFCCC.

2.7. Measuring Progress — Assessing Implementation

The following sections of the Plan outline the many and wide-ranging actions that will be required to
attain a viable observing system that will address the stated requirements in the Second Adequacy
Report.

For each proposed action a “Performance Indicator” is specified that defines the measures by which
progress in implementation can be assessed, along with an indicated time-frame within which the
action should be accomplished and reflect the concept of a “phased implementation”.

The Performance Indicators used are either:

e Internal metrics that reflect the state and the degree of implementation of an observing system
or network such as numbers and quality of available observations; the effectiveness of data
exchange, archiving and quality control and the number of climate-quality analysis products.

e External metrics such as national reports to UNFCCC, regular assessments by the IPCC,
evaluations from the scientific community (e.g., WCRP), inputs from the GCOS Monitoring
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Centres and the internationally-designated data centres'®, as well as the GCOS archive centre
for the GCOS Surface Network (GSN) and the GCOS Upper-Air Network (GUAN) at the US
National Climatic Data Center (NCDC).

The further development of techniques and processes to adequately monitor all observational data
streams for time dependent biases and the detection of systematic error is necessary in measuring
progress and assessing implementation. The Plan calls upon all observational network and system
operators to ensure that appropriate data quality monitoring for application to climate is an integral
part of all observing programmes.

2.8. Cost Definitions

The costs of taking the necessary actions are provided in broad but quantitative terms. Table 7 below
indicates the range of costs associated with the terms used. Costs refer to the implementation of
global networks and global cross-cutting issues and except where explicitly stated are incremental
recurrent annual costs. Thus the network costs noted are usually spread across many nations. Costs
associated with individual facilities are often borne by one nation or a group of nations with specified
cost sharing.

Table 7. Implementation cost definitions.

Cost Category Cost Implication (in US-$)
I <100K
I 100K -1M
11 1M-10M
v 10M-30M
\Y 30M-100M

The Plan includes 131 actions, 21 of which address GCOS-wide common over-arching and cross-
cutting issues, 32 are actions specifically addressing the Atmospheric Domain, and 41 and 37 actions
focus on the Oceanic and Terrestrial Domains, respectively. The costs for each action in this Plan will
be estimated within one of the above cost categories.

3. Over-Arching/Cross-Cutting Actions

The Second Adequacy Report identified a number of issues that cut across all domains. The
implementation actions to be taken arising from these issues are discussed in this section.

3.1. Planning, Reporting and Oversight

3.1.1. International Planning

The individual networks, systems and International Data Centres almost all operate within their own
plans, procedures, standards and regulations coordinated by the Agents for Implementation (see
Section 2.2 and Appendix 4). This Plan calls on all Agents for Implementation to adjust their activities
to respond to the actions contained in this Plan.

Action C1

Action: Participating international and intergovernmental organizations are asked to respond to
the actions in this Plan.

Who: International and intergovernmental organizations.

Time-Frame: Inclusion in plans by 2007 and continuing updates as appropriate.

Performance Indicator: Actions incorporated in plans

Cost Implications: Category I".

'® See Tables 13, 16, and 18.
7 See Section 2.8 Table 7 for cost definitions.

20



3.1.2. National and Regional Planning

The needs of the UNFCCC for global climate observations and products can be addressed only if
plans are developed and then implemented in a coordinated manner by national and regional
organizations. As noted in the Second Adequacy Report, with the exception of the main
meteorological networks and the planning for specific projects, most climate-observing activities are
rarely coordinated, planned and integrated at the national level. All Parties need national coordination
mechanisms and plans for systematic observation of the climate system. Such mechanisms are
usually best sustained when national coordinators or focal points'® are designated and assigned
responsibility to coordinate planning and implementation of systematic climate observing networks
and associated activities across the many organizations and agencies involved with their provision.

GCOS will continue to emphasize with all relevant international and intergovernmental organizations
the need for their Members to: (a) undertake national coordination and planning for systematic climate
observations where this is not currently being undertaken; and (b) produce and update on a regular
basis national plans for their contributions to the global observing system for climate taking into
account the actions included in this Plan.

Action C2 (CF16, CF17)"

Action: Undertake national coordination and produce national plans for contributions to the
global observing system for climate in the context of this Plan.

Who: Parties, in concert with the UNFCCC and international and intergovernmental
organizations.

Time-Frame: Planning by 2007 with continuing updates as needed.

Performance Indicator: Number of national reports on climate observations submitted in
national communications to the UNFCCC.

Cost Implications: Category Il

Efforts to enhance regional planning for the collection, processing and archiving of climate
observations need to continue, as this shares the workload across many nations. Regional structures
can also be an effective mechanism for building awareness, identifying needs, capacity-building, and
capturing resources.

The GCOS regional workshop programme has established a framework for interested nations to work
together to optimize their networks and identify both national and GCOS network needs in each
region. Regional Action Plans, one of the outputs of these workshops, are being developed and some
elements of them are finding support from member nations and/or donors for implementation. Even
with the completion of the funded programme for these workshops in 2005, it is expected that regional
initiatives will continue. GCOS, working with others, will seek support to maintain the momentum for
Regional Action Plans with the provision of advice and other support to the planning groups. Utilizing
the GCOS Cooperation Mechanism and other capacity-building programmes GCOS will work to
match available funding with specific Regional Action Plan projects.

Action C3 (CF16, CF17)

Action: Complete development and alignment of Regional Action Plans for climate observations
in the context of this Plan.

Who: Regional organizations and associations in cooperation with GCOS.

Time-Frame: 2005.

Performance Indicator: Availability of Regional Action Plans for climate observations.

Cost Implications: Category Il.

18 The GCOS Steering Committee has developed guidelines for such functions.

o Actions in this document relate to ‘Findings’ of the Second Adequacy Report, as listed in Appendix 2 herein. These are
identified as CF (Common Findings), AF, OF and TF (referring to Atmospheric, Oceanic, and Terrestrial Findings,
respectively).
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3.1.3. National Reporting

Reporting on systematic climate observation activities by the Parties® as part of their National
Communications under the UNFCCC has been valuable in the planning and implementation of the
global observing system for climate. The response by Parties to the Second Adequacy Report
emphasized that in order to improve the understanding of climate and climate change, and for the
UNFCCC to be implemented effectively, accurate and credible information relative to all aspects of
climate observations must be exchanged according to the relevant guidelines (decision 4/CP.5). The
following list of actions is pertinent for the Plan:

e The SBSTA/Subsidiary Body for Implementation (SBI) will be invited by GCOS to
institutionalize the Supplementary Reporting Format (submitted to SBSTA-13), modified as
necessary to be compatible with this Plan, and decision 11/CP.9, within revised guidelines.

e The Parties will be urged to report on measures aimed at adhering to climate monitoring
principles and data rescue and preservation.

e The SBI will be encouraged to incorporate the GCMPs, as revised to address satellite
observing systems, into the guidance for National Communications to the UNFCCC in
accordance with decision 11/CP.9.

o All Parties will be encouraged to participate in the UNFCCC reporting process for systematic
climate observations.

Action C4 (CF18)

Action: Report to the UNFCCC on systematic climate observations using an updated
Supplementary Reporting Format and guidelines.

Who: Parties with the UNFCCC Secretariat.

Time-Frame: As soon as possible in conjunction with national communications.
Performance Indicator: Percentage of Parties reporting according to the required format.
Cost Implications: Category |l

3.1.4. National Implementation

Beyond planning and reporting, it is essential to make progress on the actual implementation of the
plans. Sections 4, 5 and 6 make detailed suggestions for the implementation in the different domains.
As noted earlier, almost all actions ultimately occur at the national level, therefore it is important to
have regular reports to the UNFCCC on the actual status of implementation of the global observing
system for climate and to keep up-to-date the actual Plan. The GCOS Secretariat will therefore
provide a report to the UNFCCC on the status of implementation every two years together with
information on any significant updates to the Plan. In addition, GCOS will undertake a Third Adequacy
Report for 2010 in consultation with IPCC experts and subsequently consider a full update of the
Plan.

Action C5 (CF18)

Action: Maintain oversight of implementation of national plans for systematic climate
observations and products and report on progress.

Who: GCOS with its partners.

Time-Frame: Third Adequacy Report 2010.

Performance Indicator: Completion of Third Adequacy Report.

Cost Implications: Category Il.

3.1.5. Executing the Implementation Plan

The Plan outlines a comprehensive programme that marshals contributions from virtually all countries
and organizations dealing with Earth observations that will require continuing and strengthened
coordination and performance monitoring. In addition, the GCOS Cooperation Mechanism is being
developed to mobilize resources to ensure the effective operation of the overall global system. Parties
need to provide support for an International Project Office to provide overall coordination, to monitor
performance, to report regularly on implementation, to initiate corrective actions, and to oversee the
GCOS Cooperation Mechanism.

20 Reports are available through the UNFCCC Secretariat.
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Action C6

Action: Establish an International Project Office.

Who: GCOS Sponsors with advice from GCOS Steering Committee and with support from the
Parties.

Time-Frame: Establish Office in 2005.

Performance Indicator: Establishment of an Office by GCOS Sponsors and resource support
from Parties.

Cost Implications: Category Il

3.2. Toward Sustained Networks and Systems

Observations of several climate-system variables are made in the context of research programmes or
by Space Agencies whose primary mission is research and development. This is particularly so in the
Atmospheric Composition, the Oceanic, and the Terrestrial Domains. Once methods are sufficiently
mature to guarantee a sustained set of observations to known and acceptable levels of accuracy to
their users, they need to be sustained into the future as an operational observing system. The
operational system includes the acquisition (measurement), transmission (reporting), analysis, and
archiving of the data housed in an organization with an appropriate institutional mandate and
sustained funding. Often the optimum arrangement is for the operation to be funded as part of a
research laboratory’s responsibility; in other cases it may involve the transfer of responsibility from
one organization to another. This transfer of responsibility also implies sustained dialogue between
the operational entities and the research community so that the operational arm may benefit from
scientific advances. Although this transition into operation has been difficult to implement in national
and organizational planning, recent progress involving the Space Agencies and some others has
occurred and further improvements are encouraged. GCOS will, with the agreement of the involved
research entities and at the appropriate time, work with the relevant international programmes and
their Members to ensure the sustained operation of essential research networks and systems for the
ECVs.

The Technical Commissions of WMO and the Intergovernmental Oceanographic Commission (I0C),
and the proposed21 technical commission dedicated to the Terrestrial Domain (see Action T1), provide
overall guidance and coordination on the implementation of all operational networks. It is also vital for
GCOS to liaise with these Technical Commissions in order to support and further strengthen the
implementation of the GCMPs by all network operators, especially for the baseline networks. This
may require additional resources and international coordination to be fully implemented.

Action C7 (CF19)

Action: Ensure an orderly process for sustained operation of research-based networks and
systems for ECVs.

Who: System operators and research entities in cooperation with the GCOS Secretariat and the
relevant international programmes (e.g., WCRP).

Time-Frame: Continuous.

Performance Indicator: Number of sustained networks and systems.

Cost Implications: Category |.

Action C8

Action: Ensure all climate observing activities adhere to the GCMPs.

Who: Parties and agencies operating observing programmes.

Time-Frame: Continuous, urgent.

Performance Indicator: Extent to which GCMPs are aé)plied.

Cost Implications: Covered in domains. Sum of costs** Category IV. See Action C10 for
satellite component.

21 See Abridged Final Report with Resolutions of the Fourteenth World Meteorological Congress, General Summary paragraph
3.2.3.11.

2 . . . . .
Sum of costs includes estimates from all domain actions as appropriate.
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3.3. International Support for Critical Networks — Technical Cooperation

While most climate observations are currently carried out by national agencies on a “best-
endeavours” approach, the full benefits of the global baseline networks will only be realized if the
observations are global. Their sustainability therefore can be seen as an international responsibility.
At this time, many developing countries and countries with economies in transition do not have the
capabilities or the resources to provide the essential in situ observations or carry out associated
analysis of climate data. The many multinational and bilateral technical assistance programmes
together with the GCOS Cooperation Mechanism (see Section 2.6) can assist in addressing these
difficulties especially in least-developed countries and some small island states. The support involves
capacity-building, improving infrastructure and must, in some cases, sustain the required operating
expenses associated with such things as upper-air operations and related expendables (e.g.,
radiosondes and balloons). GCOS will continue to draw the attention to the various international
funding agencies of the needs and opportunities for monitoring the climate system in many countries.

Action C9 (CF20)

Action: Support the implementation of the global observing system for climate in developing
countries and countries with economies in transition.

Who: Parties, through their participation in multinational and bilateral technical cooperation
programmes, and the GCOS Cooperation Mechanism.

Time-Frame: Continuous.

Performance Indicator: Resources dedicated to climate observing system projects in
developing countries and countries with economies in transition.

Cost Implications: Covered in the domains. Sum of costs Category IV.

3.4. Earth Observation Satellites

Satellites now provide a vital and important means of obtaining observations of the climate system
from a near-global perspective and comparing the behaviour of different parts of the globe (see Table
8). A detailed global climate record for the future critically depends upon a major satellite component.
However, for satellite data to contribute fully and effectively to the determination of long-term records,
the system must be implemented and operated in an appropriate manner to ensure that these data
are climatically accurate and homogeneous. To assist the Space Agencies, the GCMPs have been
extended specifically for satellite observations (see Appendix 3). Their implementation by the Space
Agencies for operational spacecraft and systematic research spacecraft would greatly enhance the
utility of satellite information and benefit the climate record. For “one time” research spacecraft, the
principles of continuity obviously do not fully apply, but as many of the other principles as possible
(e.g., those for rigorous pre-launch instrument characterization and calibration, on-board calibration,
complementary surface-based observations, etc.) should be followed. Recently the Space Agencies,
including both the operational systems and the experimental systems, have agreed to address
climate-observing requirements. Continuing the attention being given by the Space Agencies to
addressing the accuracy and homogeneity requirements for climate will significantly enhance the
value of satellite observations to the global observing system for climate.

Table 8. Variables largely dependent upon satellite observations (cf. Tables 1 and 6).

Domain Variables

Atmospheric | Precipitation, Earth radiation budget (including solar irradiance), Upper-air temperature
(over land, sea | (including MSU radiances), Wind speed and direction (especially over the oceans),
and ice) Water vapour, Cloud properties, Ozone, Aerosol properties.

Oceanic Sea-surface temperature, Sea level, Sea ice, Ocean colour (for biological activity).

Terrestrial Snow cover, Glaciers and ice caps, Albedo, Land cover (including vegetation type),
errestria fAPAR, Fire disturbance.
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As pointed out in the Second Adequacy Report, the GCMPs extended specifically for satellite
operations address the following satellite specific key operational issues:

Continuity and homogeneity and overlap.

Orbit control.

Calibration.

Data interpretation, sustained data products and archiving.

Implementation will also involve collecting and archiving all satellite meta-data so that long-term
sensor and platform performance is accessible. The creation of consistent data records from all
relevant satellite systems (so that optimum use can be made of the satellite data in the integrated
global analyses and reanalyses) requires the organization of data service systems that ensures an
on-going accessibility to the data into the future. GCOS will work with the Integrated Global Observing
Strategy (IGOS) and its information technology expert affiliates, its IGOS partner Committee on Earth
Observation Satellites (CEOS) and other groups such as the Coordination Group for Meteorological
Satellites (CGMS) and the WMO Space Programme to ensure the development of plans for the
implementation of the GCMPs and data services systems by the Space Agencies, and to establish the
appropriate mechanisms for the recording and archiving of satellite data and meta-data, perhaps
through the establishment of a data archiving working group. This activity will contribute directly to the
GEOSS information technology infrastructure.

Action C10 (CF1, CF2)

Action: Ensure continuity and over-lap of key satellite sensors; recording and archiving of all
satellite meta-data; maintaining currently adopted data formats for all archived data; providing
data service systems that ensure accessibility; undertaking reprocessing of all data relevant to
climate for inclusion in integrated climate analyses and reanalyses.

Who: Parties operating satellite systems.

Time-Frame: Urgent, continuing.

Performance Indicator: Data and products conform to climate standards.

Cost Implications: Covered in domains. Sum of costs Category V.

3.5. Integrated Climate Products

While observations of the climate variables are an essential pre-requisite, the users of the information
generally require analyzed outputs and products. Thus developing analyzed products for all ECVs is
vital. While the Parties are operating a number of analysis centres for some of the atmospheric
variables, additional operational analyses are required. International coordination of these activities is
highly desirable to take advantage of advances, avoid duplication, and promote efficiency,
complementarity and cooperation rather than competition. It is also important to recognize that
alternative analysis approaches are required to verify the accuracy of the various outputs for specific
variables. At this point in time, there are few analysis centres that are integrating observations of a
given variable using data from different networks. The integrated products should include estimates of
the uncertainty inherent in the analysis.

Achieving the integrated analyses required for each ECV is a priority near-term objective. Actions on
individual variables are noted below in Sections 4, 5, and 6. In accordance with the Second Adequacy
Report, it is recommended that the IGOS-P continue to develop strategies for implementing these
global products. GCOS in turn needs to extend the number of ECVs for which integrated products are
being generated and improved by coordinating actions by national and regional centres and
programmes, by the intergovernmental organizations, by the multiple agencies through the IGOS-P,
and in the future, with GEOSS. Some ECVs will require active research programmes to develop the
tools necessary to produce climate-quality integrated analyses (see Sections 3.8, 4.6, 5.5 and 6.4).

Real-time data assimilation and reanalysis is another method of generating integrated products and
exploits the physical relationships among a number of the variables and thus uses many of the
available types of observations. It is an increasingly powerful tool that has significant potential for
providing a comprehensive picture of the climate system. Because an adequate observational record
for reanalysis extends for only 40 years or so, the main focus and success of real-time data
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assimilation and reanalysis to date has been on the relatively short-term variability of the atmosphere
rather than on long-term climate trends of the essential climate variables. The latter places particular
demands on the reanalysis systems and on the observational data that are ingested. Ocean data
assimilation and reanalysis is just now developing and terrestrial activities are in their infancy, owing
to a lack of modelling infrastructure, historical data and limited institutional engagement.

Although the quality of reanalyses is at present insufficient for a number of climate applications, there
are good reasons to be optimistic. The opportunity exists to develop improved procedures for climate
reanalyses and thereby reveal long-term trends. As part of an internationally-coordinated effort, there
is a need for a small number of reanalysis centres with adequate staff and data processing, to
prepare integrated climate products. The international reanalysis programme should give initial priority
to: (a) extending current atmospheric reanalysis activities to meet requirements for monitoring climate
variability and trends; (b) building on and extending ocean data-assimilation research activities such
as the Global Ocean Data Assimilation Experiment (GODAE) to establish ocean reanalyses for the
recent satellite era, and for longer if practicable; and (c) developing products relating to the
composition and forcing of the climate system. The outputs of the reanalysis programme will have
wide use and should be easily available to the user community. Although reanalysis can enable value
to be derived from a wide range of comprehensive data sources, a climate-quality reanalysis is only
possible when the data sources include a significant fraction of data adhering to the GCMPs. The
identified GCOS networks in the atmosphere and the proposed networks drifting buoys and sub-
surface floats in the ocean are critical in this respect. The availability of national holdings of historical
data to the International Data Centres is an essential requirement for the effective conduct of
reanalysis.

Establishing continuing capabilities for reanalysis for each domain, recognizing the early stage of
development of assimilation in the Oceanic and the Terrestrial Domains, is essential. GCOS will work
with the respective technical commissions and international research programmes to develop a
coordinated set of analysis and reanalysis centres. In addition, the GCOS/GTOS Terrestrial
Observation Panel for Climate (TOPC) and the GCOS/GOOS/WCRP Ocean Observations Panel for
Climate (OOPC) will continue to encourage continuation of pilot projects and associated research on
ocean and terrestrial data assimilation. Finally, the International Data Centres, e.g., the World Data
Centres (WDCs), should continue to work with the responsible technical commissions and research
programmes to ensure the provision of historical data sets including meta-data to internationally-
mandated archives for inclusion in reanalysis programmes.

Action C11 (CF5)

Action: Prepare the data sets and meta-data, including historic data records, for climate
analyses and reanalyses.

Who: Parties with the International Data Centres (e.g., WDCs), working together with technical
commissions and the scientific community.

Time-Frame: Now and ongoing.

Performance Indicator: New or improved data sets available for analysis or reanalysis.

Cost Implications: Covered in domains. Sum of costs Category lll.

Action C12 (CF3)

Action: Establish sustainable systems for the routine and regular analysis of the ECVs, as
appropriate and feasible, including measures of uncertainty.

Who: Parties sponsoring internationally-designated analysis centres with guidance from WCRP,
IGBP and IPCC, with oversight by GCOS.

Time-Frame: Now and ongoing, with most ECVs addressed by 2009.

Performance Indicator: Quality and range of analyses of the ECVs.

Cost Implications: Covered in domains. Sum of costs Category IV.
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Action C13 (CF4)

Action: Establish a sustained capacity for global climate reanalysis and ensure coordination and
collaboration between reanalysis centres.

Who: National and international agencies, with coordination and oversight by GCOS and
WCRP.

Time-Frame: Established programmes across all domains by 2009, ongoing activity thereafter.
Performance Indicator: Reanalysis centres established and/or endowed with long-term and
coordinated programmes; cyclical flow of products of improving quality and widening range.
Cost Implications: Covered in domains. Sum of costs Category Il

3.6. Historical Data and Palaeo-reconstructions of Past Climates

The Plan focuses primarily on the need to improve ongoing monitoring of climate variables. However,
there is a need to extend these records backwards in time, both for analysis and reanalysis purposes.
Analysis of past variations and changes in climate is an essential part of interpreting current records
of climate. The existence of long records allows:

o Documentation of the range of natural variability and the characterization of extreme events.
Flood events, for example, are characterized by magnitude and return time. In many parts of
the world, observations over the last 20-30 years are insufficient to characterize flood return
times.

e Investigation of the relationships between atmospheric and oceanic modes of behaviour and
extreme events, including possible changes in atmospheric teleconnections. In particular,
some extratropical time and space scale variations, such as the Northern Annular Mode,
typically operate on multidecadal timescales and thus can only be analyzed using relatively
long records.

o Characterization of the climate system under a wider range of changes in external forcing than
has occurred within the last 20-30 years of observation. Although the past does not provide
direct analogues for anthropogenic changes in atmospheric composition or changes in land
cover, the recent geological past has been characterized by large changes in climate forcing
that provide insights into the mechanisms of climate change.

There are two types of data that can be used to extend observations back in time: historical data
based on documentary evidence and palaeo-reconstructions based on biological, geophysical,
geochemical or isotopic data.

There are documentary records for many ECVs, including direct observations of meteorological
variables, ship-board and in situ observations of the occurrence of sea ice, measurements of the
extent and mass balance of mountain glaciers and sub-polar ice caps, observations on the timing of
lake freeze-up and break-up, gauge measurements on rivers and lakes, information on the
occurrence and extent of floods, phenological data on the timing of bud-burst, flowering and harvests
of specific crops, and information on changes in land use/cover. Quantitative observations may
extend back for 100-300 years; discontinuous observations and more qualitative information is
available on a regional basis in various forms of record for anything from several hundred to several
thousand years.

Ice cores from polar regions provide a record of regional temperature change (isotope ratios of
oxygen and hydrogen) as well as changes in atmospheric composition that are forcing factors of
global (greenhouse gases) or regional (mineral aerosols) significance through multiple glacial-
interglacial cycles. Existing records (e.g., Fuji, Vostok) cover the last 3-4 glacial cycles, and the new
European Project for Ice Coring in Antarctica Dome C core has provided a record going back to at
least 740 000 years before the present time. Ice cores have interannual to interdecadal resolution in
the recent geological past but the resolution degrades to multidecadal to multicentennial in the oldest
part of the record. Other palaeo-reconstructions fall into two broad categories: those designed to
provide records of interannual to interdecadal variability (e.g., records based on tree rings, corals,
laminated lake sediments) and those that provide records of multidecadal to millennial changes in
climate or environmental conditions (e.g., pollen or plant macrofossil records of changes in vegetation,
geomorphic or biostratigraphic records of changes in surface hydrology, biological/geochemical/
isotopic records of changes in sea-surface temperature and/or marine productivity). Much of the
palaeo-data on interannual to interdecadal variability is confined to the relatively recent past (last few
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hundred years in the case of corals, last 2000 years in the case of tree rings). Longer records are
available from some regions (e.g., tree-ring records covering ca. the last 6000 years are available
from Europe) and isolated coral records are available from earlier time periods (including parts of the
last glaciation and the last interglacial period). The availability of records of multidecadal to millennial
changes decreases back through time: while there are sufficient sites to provide global
reconstructions of key parameters during the last ca. 20 000 years, reconstructions for earlier time
periods are based on a small number of sites which are assumed to be representative of a larger
region.

3.6.1. Historical Data Sets

Improvement of historical records is dependent on adequate investment in data archaeology for the
rehabilitation of data that are not presently accessible or are inadequately assessed due to random
errors and time-dependent biases. At the present time, scientists are struggling to address all aspects
of data archaeology. This includes retrieving data inaccessible because of outdated recording media,
data previously unavailable for reasons of national security, restricted national data exchange, or
inadequate resources to make them easily accessible. Three aspects of data archaeology are critical
for putting new observations into a historical context or making effective use of past records. First,
meta-data must be compiled about how, where and when observations were made. In the absence of
adequate meta-data, exhaustive investigative research is required to find, compile, and integrate such
information in order to effectively interpret the data. Second, it is essential to integrate present
observations with historical data to obtain the most comprehensive spatial and long-term data sets.
Third, once appropriate meta-data and comprehensive data sets are assembled, a demanding task
remains; time-dependent biases within the data sets must be identified and corrected. When historical
climate observations from GCOS baseline networks have been digitized, quality controlled and
homogenized, the rehabilitated data and their associated meta-data should be available in
International Data Centres.

There are a number of climate variables where specific efforts to collect and reprocess historical
records could yield immediate benefits, including surface meteorological records, surface ocean
records, sea-ice extent, river discharge, lake level/area, lake freeze-up and break-up records, glacier
extent, and biomass derived from forest inventory data. In some cases, there are research networks
that are involved in reprocessing and analyzing these data. In other cases, existing or planned data
archives could provide an appropriate mechanism for archiving, homogenizing and analyzing the
historical data. As a priority action, GCOS (working with the appropriate agencies) should request that
national agencies retrieve archival data, including meta-data, and lodge them with the appropriate
International Data Centre (see Table 9).

Table 9. ECVs targeted for special data archaeology efforts
and the associated International Data Centres.

ECVs Data archive
Surface atmospheric variables WDC Asheville
Oceanic variables World Ocean Data Centres
Sea-ice (extent) National Snow and Ice Data Center
(NSIDC)
River discharge Global Runoff Data Centre (GRDC)

Lake level (including freeze and break-up Proposed GCOS lake data centre

records)

Extent and mass balance of mountain World Glacier Monitoring Service

glaciers and sub-polar ice caps (WGMS)

Biomass FAQO’s Forest Resources Assessment
Project (FRA)

Land cover (and use) Existing research networks
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A further area where historical data could be useful is in the creation of improved records of changes
in natural land cover and land use. Existing historical land-cover data sets have a limited usefulness
because of the coarseness of the classification schemes employed. Inventory data could be used to
refine these classifications, providing there is sufficient documentation and the data are made
available in spatially disaggregated form. GTOS, the Global Land Cover Network (GLCN) and GCOS
(working with the appropriate national agencies) will request that national agencies retrieve archival
data and make them available through appropriate International Data Centres.

Action C14 (CF7)

Action: Collect, digitize and analyze the historical atmospheric, oceanic and terrestrial data
records from the beginning of instrumental observations in a region and submit to International
Data Centres.

Who: Parties, working through the WMO Commission on Climatology (CCI), the WMO
Commission for Hydrology (CHy), other appropriate coordinating bodies (e.g., GCOS and
GTOS), the appropriate national agencies, and designated International Data Centres.
Time-Frame: Complete by 2009.

Performance Indicator: Data receipt at designated International Data Centres.

Cost Implications: Category Il

3.6.2. Palaeo-Data Sets

There is potential to extend the spatial and/or temporal cover of existing networks of records of annual
to decadal variability. Recent research indicates that it is possible to derive tree-ring records from
subtropical and tropical regions and to extend the temporal coverage of tree-ring records from
extratropical regions back over at least the last ca. 6000 years. The number of ice cores and coral
records has increased substantially in recent years, but again there is potential for further increasing
the number of individual records, particularly for earlier intervals where information is currently only
available from one or two sites. The potential for deriving information on annual to decadal variability
from other types of records, specifically annually laminated lacustrine or marine sediments, has only
been partially exploited. Continued support for research in these areas, and for new primary data
collection initiatives, is required.

The strength of palaeo-data as a means of documenting climate variability and changes on
multidecadal and millennial timescales lies in the existence of dense networks of observations.
Despite the progress made in assembling such networks for individual types of record in recent years,
there are still many parts of the world for which data coverage is sparse or existing chronologies are
inadequate. In the terrestrial realm the need for more investigations is most marked for the tropical
regions of South America and Africa, for mid-continental Eurasia, and for Asia and the Southern
Hemisphere in general. In the oceanic realm, more investigations are needed in the Southern Ocean
and Tropical Pacific. Reconstructions of palaeo-climate and palaeo-environmental conditions on
multidecadal and millennial timescales are dependent on the collection of primary data at individual
sites by the research community. Continued support for primary data collection, and for improvements
to the dating of the biostratigraphic records, at a national level is a prerequisite. This support should
be accompanied by efforts to ensure that the primary data are routinely lodged in archival
International Data Centres (in particular the World Data Centre for Paleoclimatology).

Improvements in data coverage and data availability will facilitate analyses designed to document
changes in climate variability through time. The integration of such analyses with analyses of more
recent historical and/or observational data will require strengthening of the mechanisms for
interdisciplinary communication.

Action C15 (AF9)

Action: Undertake research initiatives to acquire high-resolution palaeo-climate data by
extending spatial coverage into new regions, extending temporal coverage back in time and
exploiting new sources.

Who: Parties’ national research programmes in cooperation with WCRP and IGBP.
Time-Frame: Continuing.

Performance Indicator: Reports in scientific literature.

Cost Implications: Category Il
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Action C16 (AF9)

Action: Improve synthesis of palaeo-climate and palaeo-environmental data on multidecadal to
millennial timescales, including better chronologies for existing records, particularly from the
tropics, Asia, the Southern Hemisphere and the Southern Ocean.

Who: Parties’ national research programmes in cooperation with WCRP and IGBP.
Time-Frame: Continuing.

Performance Indicator: Reports in scientific literature.

Cost Implications: Category Il

Action C17 (AF9)

Action: Preserve palaeo-climate and palaeo-environmental data in archival databases.

Who: World Data Centre for Paleoclimatology in cooperation with national research
programmes.

Time-Frame: Continuing.

Performance Indicator: Completeness of archival databases and availability of data to the
research community through International Data Centres.

Cost Implications: Category Il.

3.7. Data Management and Stewardship

Data management and stewardship are some of the most important activities to be undertaken in
order to ensure that high-quality climate data records are collected, retained and are accessible for
analysis and/or reanalysis by current and future generations of scientists. It is noteworthy that data
management has been a principal element in some programmes, e.g., the WMO WWW, but this
activity needs to be extended throughout the full spectrum of systems contributing to the global
climate observing system and existing efforts need to be strengthened to meet climate requirements.
This essential but often overlooked activity is highlighted as a priority in this Plan.

First, it is clear from the detailed network reviews that the flow of real-time data to the user community
and to the International Data Centres for the ECVs is inadequate. This is especially true for many
terrestrial observing networks. Lack of engagement, data policies, lack of resources and inadequately
integrated data-system infrastructures are the primary causes. The latter are especially problematic in
developing countries and countries with economies in transition.

Second, access to very large data sets is becoming an increasing problem. Some satellite data sets
and model simulations are becoming so large that it is difficult for many users to acquire them despite
advances in technology. This is especially true in developing countries with inadequate information
technology infrastructure or technical skills in using complex data. Access to these data must be
made more effective through the development of derived products.

Third, the preservation of the data for future use requires facilities and infrastructure to ensure the
long-term storage of the data. The rapidly-increasing volume of raw observations that must be saved
and stored in an archive is such that without action the data will often be inaccessible to many users.
Once data are in electronic format, the data must be continually migrated to newer storage devices,
and data access software and consistent data formats must be maintained, in order to preserve the
data for sustained future use. This practice of technological data stewardship is a requirement for the
International Data Centres and the Space Agencies to ensure future data usage. At the present time,
even large centres are barely keeping pace with the influx of new data. This is especially true when
observing systems are put in place without adequate consideration of the technological data-
stewardship requirements for data archive and access. It follows that nations sponsoring International
Data Centres and Space Agencies need to give high priority to making use of modern information and
communication technology to ensure effective access and long-term migration, and thus ultimate
preservation, of the rapidly-growing volumes of climate-related data.

Fourth, a key component of data management includes adequate monitoring of the data stream. This
includes timely quality control of the observations by the monitoring centres and natification to
observing system operators and managers of both random and systematic errors, so that corrective
action can occur. An operational system is needed that can track, identify, and notify network
managers and operators of observational irregularities, especially time-dependent biases, as close to
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near real-time as possible. Such feedback systems are currently not routine practices at monitoring
and analysis centres. Equally important is the follow-up required by operators and managers who are
responsible for implementing timely corrective measures. This is especially problematic in developing
countries with less-than-adequate resources for data stewardship. Without adequate scientific data
stewardship, biases often become apparent only after substantial investment in research related to
the rehabilitation of the data record. Scientific data stewardship, therefore, is a cost-effective measure
that minimizes the need for uncertain corrections at a later date. When problems in the observations
and reporting of the observations are not identified and corrected as soon as possible, errors and
biases accumulate in the data and the climate records can be irreparably damaged.

Finally, many inconsistencies and apparent biases and inhomogeneities in the data can be addressed
if adequate meta-data information is available to the analyst. International standards and procedures
for the storage and exchange of meta-data need to be extended to all variables and implemented for
many climate-observing systems. In 2004, the WMO CCI published guidelines for meta-data and
homogeneity that begins to address this concern. International agencies, working with their technical
commissions and the GCOS Secretariat, should address the inadequacies related to scientific data
stewardship, including the introduction of adequate near real-time observing system performance
monitoring and monitoring for time-dependent biases.

To help address the issues raised above there is a growing interest in adopting a uniform family of
data representation standard for all Earth observations. Integration spanning all domains (terrestrial,
oceanic and atmospheric) will be best served with common standards for as many of the data
management activities as are possible, including geographical location, meta-data, archival strategies
etc. The opportunity for standardization extends beyond climate and includes the whole geosphere
observation mandate being covered in GEOSS. It is proposed to engage GEOSS to take the lead in
organizing a major effort in conjunction with the International Organization for Standardization (ISO)
and representatives from the various component systems of GEOSS including GCOS and its affiliated
systems. Some progress has already been attained in the ISO 19100 series of standards (e.g., the
ISO 19115 meta-data content standard for geographical information), which can serve as the starting
point for extending the effort to the broadest possible application to a comprehensive family of
interoperable geospheric data representation standards. A known family of compatible standards
would then be harmonized and therefore anchored in a common base that would foster data and
information integration so vital to the understanding of climate.

Action C18 (CF12)

Action: Develop standards and procedures for meta-data and its storage and exchange.
Who: International technical commissions with scientific advisory bodies.

Time-Frame: Guidance complete by 2006.

Performance Indicator: Number of ECVs with standards.

Cost Implications: Category |.

Action C19 (CF9)

Action: Ensure timely, efficient and quality-controlled flow of all ECV data to International Data
Centres.

Who: Parties with coordination by appropriate technical commissions and international
programmes.

Time-Frame: Urgent, continuing.

Performance Indicator: Data receipt at centres and archives.

Cost Implications: Category Il.

Action C20 (CF9)

Action: Ensure that data policies facilitate the exchange and archiving of all ECV data.

Who: Parties and international agencies and appropriate technical commissions and
international programmes.

Time-Frame: Urgent, continuing.

Performance Indicator: Data receipt at GCOS data centres.

Cost Implications: Category |.
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Action C21 (CF10, CF13)

Action: Develop modern distributed data services that can handle the increasing volumes of
data and which can allow feedback to observing network management.

Who: Parties’ national services committing to International Data Centre operation and high data
volume providers such as Space Agencies through appropriate technical commissions and
international programmes.

Time-Frame: Long-term objective, 2014.

Performance Indicator: Development of plans and initial steps at some centres.

Cost Implications: Category IV.

3.8. Scientific and Technological Challenges

In the process of developing this Plan, the GCOS Steering Committee and the Observation Panels for
Climate (AOPC, OOPC, and TOPC), as well as various levels of review by the broad scientific
community, have identified areas where significant research and technology development will be
necessary to completely realize the observational capability to adequately observe the global climate.
Whilst these areas are discussed in the context of the specific domain and ECV in Sections 4, 5, and
6 below, the research topics a